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Space-Based Solar Power Conversion and Delivery Systems 

QAC Study Status 


The objective of this study is an in-depth systems analysis of synchronous, 
orbit-based power generation and relay systems that could be operational in the 
1^0's and a comparison %rith earth-based systems to be operational in the same 
time frame. 

Grumman 's effort represents approximately 20 percent of the study and is 
meant to concentrate on the Engineering Analysis of special requirements for both the 
SSre and PRS. Grumman 's objectives are to: identify operational and economic re- 
quirements for the orbiting systems; and to define near-term research activities 
which will be required to assure feasibility, development, launch and operational 
capabilities of such systems in the post-1990 time frame. 

The facing page is a status of task completion. We have completed all assigned 
tasks under Engineering Analysis of Special Requirements and are currently supporting 
ECON's cost /trade studies. The remaining task to be completed is the compilation of 
the final report. 
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SPACE BASED SOLAR POWER CONVERSION & DELIVERY 
SYSTEMS - GRUMMAN STUDY STATUS 
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SSPS Configuration 


The facing page shows the basic spacecraft design xised in the 
assessment of transportatian and assembly options. Light-weight photo- 
voltaic arrays are en h a n ced by concentrators to reflect simlight onto 
the solar cells. Solar power is directly converted to high voltage 
d~c electricity at the two syimnetriceaiy arranged arrays. Bus bars 
feed the 1-km transmitting antenna, located between the two large solar 
arrays, idiere generators convert the energy for power transmission to 
earth. 

This system is sized for 5000 MW rectified power on the ground. 

The solar cell blanhets are layed out between channel concentrators, 
consisting of thin, reflective plastic films stretched over a support- 
ing frame. The backbone of the structural framework is a large-diameter 
coeucL&l. mast which runs the length of the entire assembly. Eight 
transverse structural beams also serve as d-c power buses to carry 
electrical cxirrent to the 'central mast. The array structvure is stif- 
fened using a series of transverse non conducting elements and large 
open trusses to support the concentrators. 


/ 


1 * 


5.2 Km 




SSPS Mass Properties 


sent, St S'S® presents the SSPS mans properties. The solar array repre- 

« T!8fJ 10^ “e major e^trfhutor 

flciency of 13 T'’atS r blankets are of advanced design vith an ef- 

?«rr/J * concentration ratio of 2. These array blankets weigh 

.202 Kg/M^ and operate at 20 kv. ° 


are consisted Sltb the 32* of the total weight. These weights 

wave ?owerSL™?a i t baselined by Raytheon in the Micro- 

^rh..ree! Tran^ssion System (Studies) - HAS3-17835. The major weight con- 

^idesK “ifrewsve conversion tubes and the transmission sysSm (wave- 

Inn-Jt assuming a microwave system efficiency of 57* (antenna 

nci'Lcy ™rLs^enr,°k reduction in array cLlectlon e?! 

to i^rLrj biLTei t^:^h^ir?he~ 
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SSPS MASS PROPERTIES 


SUBSYS/COMP 

WEIGHT 


Kg X 10^ 

LBMX 10*^ 

SOLAR ARRAY 

(11.90) 

(26.21) 

• BLANKETS 

7.83 

17.25 

• CONCENTRATORS 

1.23 

2.71 

• NONCONDUCTING STRUCT 

1.98 

4.36 

• BUSSES, SWITCHES 

0.24 

0.53 

• MAST 

0.62 

1.37 

MW ANTENr^A 

(5.70) 

(12.56) 

• MW TUBES 

2.34 

5.15 

• POWER DISTRIBUTION 

0.5 4 

1.15 

• COMMAND ELECT. 

0.1J 

0.29 

• TRANSMISSION 

2.32 

5.11 

• STRUCTURE 

0.257 

0.57 

• CONTOUR CONTROL 

0.13 

0.29 

ROTARY JOINT 

(0.20) 

(0.44) 

• MECHANISM 

0.08 

0.18 

• STRUCTURE 

0.12 

0.26 

<X)NTROL SYSTEM 

(0.036) 

(0.08) 

• ACTUATORS 

0.012 

0.03 

• PROPELLANT/YR 

0.024 

0.05 

TOTAL SYSTEM 

17.84 

39.29 










PRS Mass Properties 


The facing page is a compilation of PRS orbiting system weights. The PRS 
configuration shown consists of a primary structure with 25-meter deep truss girders 
spaced at 10«3 meters. Each 108— aieter modxile is spanned by an l8-meter grid of 
5-neter depth. At the comers of the l8-meter modules ajre electrically driven 
screw Jacks to which are mounted the reflector surface. 

The primary struct\ire is built up of 108m x 108m x 20m deep bays ; the upper 
cap consists of a triangxilar t_ uss girder 108m long by 3m deep. The material used is 
is a graphite composite. The secondary structure, which forms the lower cap 
of a primary' bending structure, is 5m deep in l8m x l8m square bays. The second- 
ary structure is also fabricated of a hybrid composite graphite /epoxy boron epoxy. 

The aluminum wire mesh reflector surface is mounted to the supporting frame 
with pretensioned springs. The tension magnitude was selected to maintain surface 
smoothness to 1/20 of a wavelength through wide variations in thermal conditions 
(♦200°F to -250°F) under a 5.65 kp/km^ microwave pressure. 

^ The mechanical contour control system positions the l8 x l8n wire mesh sub- 
arrays to achieve beam focus. 
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SUBSYS/COMP. 


WEIGHT 



K 9 X 10* 

' LBM X 10* 

• PRIMARY STRUCT 

vnrK 

0.262 

• SECONDARY STRUCT 



• COATINGS & INSULATION 


0.062 

• FRAME STRUCTURE 

0.101 

0.222 

• WIRE MESH 

•058 

.127 

• CONTOUR CONTROL 

0.155 

0.341 

• ATTITUDE CONTROL 


0.013 

TOTAL 

.505 

1.112 
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Selection of Concentration Ratio 


A key systems issue to be addressed pi*ior to selection of the solaur array con- 
figuration is to delineate the preliminary snalysis of concentration ratio shown on 
the facing page. This preliminary analysis was performed to determine weight vari- 
ations due to structxural arrangement. It assumes that solar cell efficiency does not 
vary with increased concentration and does not consider the thermal control system 
weigiht to achieve constant efficiency. 

Though the model used in this analysis is simplified, the results do indi- 
cate a trend. Back lighted arrangements result in lower specific weight for concen- 
tration ratios above 2. A two-dimensional back-lighted design is lighter than a 
three-dimensional design, though the pointing requirements may prevent achieving 
concentration ratios above 10. The parabolic back-lit design is the most attractive 
for high concentration, though if the degradation in cell efficiency and increased 
weight for thermal control were added to the parametrics, the resulting design may 
not be lower in weight and cost than the SSPS baseline. 

An across-the-board design analysis is needed to fully consider: 

• Concentration Ratio 

• Cell efficiency with increased temperature 

• Thermal Control 

• Pointing Control 

• Transportation and Assembly Cost. 
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Solar Array Design Cost Trade 


The facing page presents the trends in a major solar array design/cost trade. 
Solar Array Costs ($/KW) are plotted against variations in solar blanket costs, 
solar blanket weight/efficiency and transpor^at ion/assembly costs. The solid line 
represents the SSPS goal for efficiency (l3.7/t 8 N = 2), weight (0.282 Kg/M^) and 
transportation/assonbly cost (l82 $/Kg). The dashed line shows the effect of an 
increase in transport /assembly costs to 1000 $/Kg; while the dashed/dot line repre-* 
sents near-term technology solar blanket weiglit (0.525 Kg/M^) and efficiency of 
9 - 1 % 8 N = 2 at a transport cost of 102 $/Kg. 

Significant improvements in solar cell performance and design as well as low- 
cost tremsportation are required to achieve a cost effective blanket in the region 
of $55/n^, the national goal for solar blEinket costs. A more in-depth assessment 
of these trade parameters should be undertaken including evaluation of the develop- 
ment costs required to achieve the desired goal . More dollars spent on low cost , 
ultralight, space qualified solar cu*rays may be a better investment than develop- 
ment of new transportation systems. If the solar blanket technology programs can- 
not fe€isibly achieve the performance goals, development of low-cost assembly and 
tremsport systems »ould be the better investment. 


^LAR ARRAY DESIGN COST TRADE 


100,000 r- 


10,000 1- 


COST 

$PER 

KW 


1000 b- 


100 



0.282 Kg/M^ SOLAR BLANKET 
13.7% EFF. @ N = Z 
182 $/Kg TRANS & ASSEMBLY COST 

0.282 Kg/M^ SOLAR CELL 
13.7% EFF. @ N = 2 
1000 $/Kg TRANS 8i ASSEMBLY COST 

0.525 Kg,/M^ SOLAR BLANKET 

9.7%EFF. @N = 2 

182 $/Kg TRANS 8i ASSEMBLY COST 


100 


1000 


10,000 


GRUMMAN 


SOLAR BLANKET COST $/M^ 
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Key Issues - Large Solar Array 


Inv-s^^ nations into metk ^3 to improve cell efficiency are important to meeting SSPb SO^s- 
efficiency must increase from about lUj^ (N = l) tc l3? (N = l) while reducing thickness of the device 
from 20Cym tc 50vm- These investigations should include experimental development of new conve.si 
devices such as the hetero Junction Ga A1 As/GaAs celx. 

bie need to reduce cell fabrication cost is critical to SOPS. Large quantity production will 
naturally help reduce cost but additional cost savings can be achieved with new crystal growth 
processes and new cell fabrication techniques that are automated* 

Large solar arrays that can be effectively handled is key to SSPS. Presently, sol^^rays are 
made much like an art mosaic, where individual cells are fitted, interconnected, and bond^ to sub- 
strate. Improvements can be achieved by developing light-weight blanket attachment techniques, light- 
weight structural weaving techniques, new thermal control coatings, improved radia . . 

materials and better automated techniques for integrating and testing the blanket. Automated blank 
fabrication techniques aure needed to reduce cost. 

Solar concentration is shown to reduce SSPS cost. Light-weight mirror design concepts 
implementation are needed. New filter designs for concentrations will help improve ^ , 

and performance. If high concentration is used, techniques for fabricating light weigh- 

contour control are needed. 

The SSPS will generate high voltage power in a relatively stable thermal 
maintain performance during a 30 yr exposure to ultraviolet radiation as well as articulate r 
The objective is 6 % degradation over 5 years. 

Improvements in environment resistance can be achieved by improved 
tailoring, high-voltage plasma protection, meteroite hardening and improved annealing techniques. 

Multi-megawatt solar power generation requires switching protection at hi^ voltage 
Development of high voltage switches and blocking devices are needed. Circuit 
induced magnetic moments to reduce effects on the overall spacecraft control. - g 
could lead to corona formation that could reduce component life. V.'he power . 

designer must address long transmission distances on SSPS. A key trade is to determine extent to 

irtiich the conducting busses cam also be used as structure. A trade-off between ease o y» 

cost, weight, reliability, and electrical efficiency should be addressed. 


KEY ISSUES - LARGE SOLAR ARRAY 


• SOLAR CELL PERFORMANCE IMPROVEMENT 

• SOLAR CELL COST REDUCTION 

• SOLAR ARRAY BLANKET IMPROVEMENT 

• SOLAR ARRAY BLANKET COST REDUCTION 

• SOLAR CELL CONCENTRATION TECHNIQUE 

• LONG LIFE OF SOLAR ARRAY IN SPACE 

• HIGH-VOLTAGE, HIGH POWER SWITCHING 

• HIGH-VOLTAGE CIRCUIT DESIGN & HIGH LEVEL DC POWER 
DISTRIBUTION 

• SOLAR BLANKET ASSEMBLY IN-ORBIT. 

GRUMMAN 


91 



>{u«xq qjai Xn-BuoxquaquT aSisd sxqj, 


< 



FLT 

MECH. & 
CONTROL 


TRANSP. 

& ASSEMBLY 


PROGRAMMATICS 


aRUMMAN 



19 




Solar Array Non-Conducting Structure 


The facing page suonarizes the solar array structural arrangement and weights. 

The piimsry structural element is a truss girder built-up from roll formed modified 
vee hti. sections with bent up stabilizing angles at the outstanding legs. The basic 
structural member was designed as a 1.5-meter deep truss girder. This member is iised 
to build either a 223-meter or U 33-meter girder. 

The structural members are designed for a limit control force at each array 
tip, of 670 lbs times a factor of safety of 1.50. A peak 136 lb ultimate compression 
load was used to size the aluminum cross-section. 

Pretension forces in the mirrors and solar blankets were combined with the 
axial compression loads to assess the beam column strength of the U33-meter longitudi- 
nals. The total weight of all non-conducting structure was calcvilated at 
U.29 X 10° LB, including 10^ non-optimum and contingency factors. 

I 

The major uncertainty in designing the array non-conducting structure is def- 
inition of the design load. The indicated 67 O LB control force used to size the 

structure is arbitrary. This force is an ROM estimate of the thruster size required ( 

for finite burn stationkeeping maneuvers. An across-the-board assessment of all 
loading conditions is required, including: 

• Ground handling loads i 

• Launch loads 

• Assembly loads 

• Synchronous Orbit Transport loads 

• Operational loads | 

• Thermal induced loads. ■ < 
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23 


« • 


SSPS Conducting 3truct\ire 


Because of the large amount of conducting materiril required to collect the 
electrical ixjwer generated by the solar blanXets and transmit it to the microwave 
antenna, the bus material has been integrated into the structure. Forces are 
generated ^.n the bus /structure by the electric cvirrents along the conductors. 

An effort was undertaken to size the power distribution system taking into ac- 
coiuit transmission efficiency, induced electromagnetic forces and system weight. 

A weight optimization computer program was used to determine the preferred 
transmission efficiencies throughout the power distribution system. The facing 
page summarizes the results of this task for a Uo KV system. The optimum ef- 
ficiency ‘3 92% at an operating temperature of 38°C dropping to 91% at a tempera- 
ture of lU9°C. E)**ctromagnetic forces between parallel Mast bus elements are low 
due to the wide separation between members; the maximum force is less than 0.03 
Hewcon. 

The major design issues requiring further stud> include: 

• Selection of the optimum operating voltage 

• Design of structural /power transfer joints 

• Failure modes and effects analysis to design switching and 
protection system 

• Thermal analysis of integrated system. 
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SSPS CONDUCTING STRUCTURE-2 SOLAR ARRAY AND 
MAST TRANSMISSION ELECTRIC BUSES DIMENSIONS 


ELECTRIC CURRENT FLOW 



ELECTRIC CURRENT FLOW DIAGRAM ELECTRIC CURRENT FLOW DIAGRAM 


LATERAL BUS WEIGHT -RHBNlMMr 
MAST WEIGHT - 0.62 X 10* Kg 

STRUCTURE CROSS^ECmON 
AREAS DESIGNED FOR OPERATING 
TEMPERATURE OF 3TC, DISTRI- 
BUTION SYSTEM EFFICIENCY OF 0.92 
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SECTION B-3 (MB1 SECTION ONLY) SECTION C-C (ALL SECTIONS EXCEPT BMI) 


25 


Antenna Structural. Arrangement 


The facing page stnmarizes the antenna structural arrangement (see MPTS 
Studies - MAS 3-17835, Report #MPTS-R-002 ) . The arrangement shown is for a 1 KM 
diameter antenna Uo meters deep. The antenna is assentbled in two rectauigular 
grid structural layers to save weight. The primary structure is built-up in 
108 X 108 X 35 meter bays using triangular girder compression members. The 
secondary stnictiire is used as support points for the waveguide subarrays. 

The following sumnarizes the structural analysis of this arrangement. 

• The principal, applied J.oad is that induced by the response of 
antenna pointing control system during breakaway from the 1 x 10 N ‘m 
slip-ring torque. The second design load is caused by gravity 
gradients 

• The selection of the structural niaterial and cross-section is driven 
ly he thermal waste heat from the microwave converters. A tri- 
lug'^isr hpt section made of graphite/polyimide was found to be the 
pre '>:rred design, resiilting in the lowest operating temperature and 
internal t>iemial induced loads. Steel or titanium could result in 

a lower cost design 

• Analysis of thermally induced deflections led to the UOm depth of the 
antenna. Selection of a graphite ccxnposite would allow a reduction 
in this depth and would result in a lower weight design. 
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ANTENNA STRUCTURAL ARRANGEMENT 



Ik ^JwPwBIpgBK ▲ 


ALUMINUM 


COMPOSITES 



(2034<t6l 



(POLYIMIOE» 

• TCI«I». ®K 


450 



660 

• MODULUS OF ELASTICITY. Pii 


9X 10* 



6X 10* 

• DENSITY. LMN^ 

. 

0.101 



0.055 

• THICKNESS RANGE. IN. 


0.015 TO 

040 


0.020 TO 0.05 

• IVEIGHT 

k§ 

(10^) 

KQ 


(10®» 

SUBARRAY PRI STRUCT 

300 


137 

207 


SUBARRAY SEC STRUCT 

103 


47 

65 


ANT. SUPPORT STRUCT 

233 


106 

157 


YOKE ft MECHANISMS 

146 


66 

122 


COATINGS 

48 


21 

49 


AMPLITRON SUPPORT 






CONTOUR CONTROL ACTUATORS 

268 


122 

268 

1 

AMPLITRON ATTACH STR 

51 


23 

36 


TOTAL 

1147 


522 

904 

4 


GRUMMAN 
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PRS Subarray Concept 


The facing page presents the design concept used in the assessment of the 
Power Relay Satellite to meet the microwave reflector requirements. The following 
preliminary conclusions were reached: 

• Reflector surfav^e roughness ceui be maintained to within 1/20 of 
a wavelength for a satellite with l8m x l8m reflector surface 
subarrays 

s. 

• A mechanical screw Jack system jpounted at the corners of the 
l8 X l8m subarray desensitizes reflector flatness to the 
distortions of the supporting structxire 

• The vire mesh reflector surface can tolerate sudden temperat\ire 
variations by utilizing pretensioned springs between the mesh 
and subarray frame 

• Tlie subarray frame's thennal distortions can be maintained within 
limits with the use of low thermal coefficient of expansion graphite 
composites. 
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PRS SUBARRAY CONCEPT 

SUBARRAV FRAME 


PRETENSION 

SPRING 


WIRE MESH 
REFLECTOR 


ALUMINUM 

EDGE 

STRIP 



SUPPORT 



DESIGN REQUIREMENT : 

• MAIIftAlN WIRE MESH SUBARRAY 
SURFACE FLATNESS TO LESS THAN 
X/20<5MM) 

• THIRTY YR. LIFE (WITH PRETENSION 
SPRING) 

• 1.2 X 1(T* PSI MIRCROWAVE PRESSURE 
ON SUBARRAY MESH 

• TEMPERATURES 

- MESH 200“F TO -250“F 

- STRUCTURE 200*’F TO -100"F 


DESIGN ANALYSIS 
. • WIRE STRESS - 55.2 (*SI 

• SUBARRAY FRAME I.OAD 

- BENDING > 1206 IN LB 

- END LOAD - 6.81 LB 

• FRAME THERMAL BENDING 
WILL STAY WITHIN 5MM LIMIT 
IF AT BETWEEN CAPS IS LESS 
THAN 16°F 


□RUMMAN 
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Key Issues — Lctrge Structure 


The design load environnents dxiring launch, manufacture-in-snace asserahiv anri 

.s orblt.1 opbrations should be detensiued before a , 

Simulation of thes<> ion<ic -io r»asa^ewt 4 .^ a “M-iucibUL oi^rutturai aesign is made. A dynamic 

at various points in the spacecraft life •'vcle”^ ^**“8®* flexible lightweight structure 

s:r,4:7Ar~ 

be ortll^S^ structure. A temperature time-history could 

=Tht:s™ Ah 

betveen modes. ^ ^ ^ necessary to fully evaluate the structure, including cross coupling 

studi«''trSt.*^ processes studies on technique for fabricating structure’in-orblt is required. The 

s^ct^rbfr:mS^uf "’Ith^r fterPl’^”i““ ° rolls’fo^ed iTo 

y iiing mills. Other materials and processes should be evaluated. 

test tec^Lfrdr''L^^''® «rubtural integrity should be evolved. The application of grccnd 

structural Md dynamic Ground test techniques using scale models with similar 

moS^rl^Sd^ ^''oulG be developed. A flight test of an instrumented structural 
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KEY ISSUES - LARGE STRUCTURE 


• STATIC & DYNAMIC STRUCTURAL RESPONSES TO THERMAL 
AND LOAD ENVIRONMENTS 

• STRUCTURAL ANALYSIS TOOLS & TECHNIQUES 

• MATERIALS & PROCESSES 

• ON-ORBIT MANUFACTURE & ASSEMBLY TECHNIQUE IMPACT 
ON STRUCTURAL DESIGN 

• DEVELOPMENT OF STRUCTURAL VERIFICATION TECHNIQUES 


QRUMMAN 
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Orbit Perturbations/Attitude Disturbance 


There are four major influences on the SSPS and PRS causing them to drift from 
its nominal orbital location. These are; 

• Longitudinal drift - The ellipticity of the earth causes the 
satellite to seek out the earth's minor axes 

• Inclination Drift - The interaction of the sun and moon's gravitation 
causes the orbit to regress, so that its inclination changes with 
respect to the equator 

• Altitude and Eccentricity Drift - Solar pressurt distorts the orbit 
from circular to elliptical and back again over a one year period 

• Microwave Pressure - The electromagnetic fields at the aperture of the 
slotted array causes a "rebound" pressure of the SSPS antenna. The 
reflected pressure of the PRS causes a rebound. 

The disturbance torques on the satellite result from gravity gradient solar 
pressure, magnetic, microwaw pressure and Rotary Joint Friction Torque (SSPS only). 
At an altitude of 35.8 x 10^, the atmospheric density is too smsai to cause any 
significant disturbance to the attitude control system. 


ORBIT PERTURBATIONS/ ATTITUDE DISTURBANCES 


ORMT PERTURBATIONS 

• GRAVITY 

- LONGITUDINAL 

- INCLINATION 

• SOLAR PRESSURE 

• MICROWAVE PRESSURE 


INCLINATION DRIFT 
ISUN/MOON PULL INTERACTION) 


ALTITUDE DRIFT 
(SCLAR PRESSURE) 



ATTITUDE DISTURBANCES 

• GRAVITY GRADIENT 

ANTENNA FRICTION TORQUE 
POLAR PRESSURE 
MICROWAVE PRESSURE 
MAGNETIC MOMENTS 


GRUMMAN 
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SSPS Propellant Requir«aents 


The facing page sinanarizes SSPS propellant reauirements for stacionkeeping 
and attitude control (see also monthly report NS 3 -R- 003 ) propellant requirements. 

The staticnkeeping requirements are approximately 9700 kg/year while at- 
titude control requires iU.Uoo kg/year. Solar pressure is the dominant orbit 
perturbation, which is most economically handled by continuously controlling orbit 
period and not correcting eccentricity drift. However, if the SSPS satellite 
density goes above 15 units over the continenteLL United States, the eccentricity 

drift should be corrected. This would add Hi. 883 kg/yr to the propellant lenuire- 
ment . ^ ± 


Transients from the antenna rotary Joint control system used for antenna 
pointing, sizes the a^ay thrusters (Uo Newton mounted at the extremes of the 
array). Gravity gradient disturbances require t’le most control system propellant 
consumption, 13,8oU kg/yr. CMG's were evaluated for the control function and were 
found to be excessive in size (20 x 10® kg for roll axis control alone). 

The total propellant consxanption using electric propulsion actuators (l = 
8000 sec) is 2li, 1U9 kg/yr without eccentricity drift control and 39,032 
kg/yr with correction of eccentricity drift. 


ib 


SSPS PROPELLANT REQUIREMENTS 

(1^ - 8000 SEC. SSPS WGT « 25 MLB) 


STATIOW KEEPING LBM/YR Kg/YR 


LONGITUDE DRIFT 

1.600 


726 

INCLINATION DRIFT 

14.700 


6.673 

SOLAR PRESSURE 




- ALTITUDE DRIFT 

5.100 


2.315 

- ELLIPTICITY DRIFT 

0 

(32.784)* 

0 (14.883)^ 

MICROWAVE PRESSURE 

68 


31 

SUBTOTAL 

21.470 

(54.252)* 

9.745 (24.628)* 

ATTITUDE CONTROL 




GRAVITY GRADIENT 

30.408 


13.804 

ANTENNA CONTROL 

162 


74 

SOLAR PRESSURE 

870 


394 

MICROWAVE PRESSURE 

29^ 


132 

SUBTOTAL 

31.732 


14.404 

TOTAL 

53.202 

(85.986)* 

24.149 (39.032)^ 


*REQUIREMENT AFTER 15 SSPS ARE PLACED IN ORBIT TO 
SERVICE THE UNITED STATES. 
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Altitude and Eccentricity Drift Characteristics - Solar P^es3^lre 


Soleur pressure has a considerable effect on the large area SSPS solar array. 
The facing page illustrates this effect on the SSPS orbit. Over a period of 170 
days tbe circular orbit distorts to £in ellipse with an eccentricity of 0.96. Ip 
addition, the orbit period increases from 2k hrs to 2k hrs, lU minutes. Both the 
orbit shape and period return to nominal after 3^0 days. 

If the change in period goes unchecked, the SSPS will precess around the 
equator at a rate of approximately 31/2 deg per day. A propellant expenditure 
of 5100 Ib/yr would be required to offset this highly undesirable motion. The 
propellant required to correct the ellipticity has been calculated at 3.5 x 10^ 
Ib/yr. This assumes that an opposing force of 50 to 70 LBS is continuously applied 
to offset the solar pressure. Tiie effect of ellipticity on overall system per- 
formance, however, is not significant. Ellipticity causes an apparent longitudinal 
drift of only 3.5 deg to an observer on the grornid. This magnitude of motion has 
little effect on ground rectenna size or conversion efficiency. Therefore, it is 
concluded that this motion go "unchecked." 

Uncorrected eccentricity drift is acceptable if more than 2200 N.M. of orbit 
arc length can be assigned to the SSPS free of other SSPS or satellites. This 
condition suggests that this drift condition be checked. An alternate approach to 
continuous thrusting to null solar pressure, precluding the 3.5 x 10^ Ib/yr propel- 
lant consvunption can be used. Periodic posigrade/retrograde maneuvers performed 
at apogee and perigee of the eccentric orbit would economically maintain the orbit. 
The yearly propellant using this technique is 33,000 lb. 


ALTITUDE & ECCENTRICITY DRIFT CHARACTERISTICS 


- SOLAR PRESSURE 



• M > 1 X 10* SLUGS 


• ^SOL PRESS 50 LB 

• ACCELERATION « 5 X 10'* FT/SEC^ 


GRUMMAN 



PR3 rropellant Requirements 


The facing page suminarizes the PRS stationkeeping and 'attitude control pro- 
pellant requirements for two levels of propulsion system performance. The most 
severe perturbation is due to microvave pressure. The LB pressure requires 
3fl7 ft>s/yr delta-V for daily correction with an apogee /perigee maneuver. If a 
continuous opposii\g thrust were applied to correct this perturbation, an excess 
of 13^*,000 LB/YR would be reqiiired. It is clear that an orbitkeeping technique 
using periodic impuJ.sive maneuvers is significan^ily lower in propellant con- 
sumption. 

The need for impulsive maneuvers for orbit keeping, rather than continuous 
low thrust techniques causes problems for both the SSPS and PRS. The high per- 
formance electric propulsion unit is almost mandatory for SSPS. The issue to be' 
addressed is to determine if these low-thrust devices can be utilized in an 
inqkulslve orbit-keeping algorithm. The PRS, on the other heuid, could use chemical 
propulsion for this function without causing excessive propellant consumption. 
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PRS PROPELLANT REQUIREMENTS - LB 


STATION KEEPING 

ISP = 8000 SEC 

ISP » 200 SEC 

LONGITUDINAL DRIFT 

45.3 

1808 

INCLINATION DRIFT 

442.3 

17490 

SOLAR PRESSURE 
- ALTITUDE 

2.5 

99 

- ECCENTRICITY q 

1 

171.4 

683 

MICRO WAVE PRESSURE 

‘7127 

43818 

SUBTOTAL 

1788.5 

63,898 


ATTITUDE CONTROL 

GRAVITY GRADIENT 161.4 6457.6 

TOTAL 1949.9 70,355.6 
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Key Issues - Flight Mechanics and Control 


The analysis of SSPS s^ructure/control system interactions to date have restricted simulation to 
uncoupled modes. Future studies should be expanded to include torsional vibration modes and cross coupling 
between modes. 

Finite thrust stationkeeping algorithms using low-thrust electric propulsion should be studied. The 
high levels of propellant needed to thj.nist continuously (in the case of SSPS to null solar pressure and 
in the case of PRS to null microwave pressure) suggests a more economical horizontal maneuver. The suit- 
ability of performing this function with electric engines must be evaluated. 

Stationkeeping accxaracy requirements are dictated by the effect of orbit position changes on ground 
collection efficiency. The major causes for power loss are cosine loss, rectenna spill over and ray loss 
between rectenna panels. All are effected by the relative position of the spacecraft and rectenna. 

The studies to date (HAS 3-1T035) on the rotary Joint control system excluded the compliance 
of the central mast. This is a destabilizing effect and could change the design requirements on 
the system. 

Ion propulsion is a natural SSPS control device because of the readily available power. Little or 
no flight experience is available on these devices in the control role. 

If a system of SSPS's are located in-orbit, occulation of one satellite by smother will occur diirlng 
the vernal and autominal equinox. This smomoly complicates mission operations and could cause 
problems in the design of the array power distribution system. 
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KEY ISSUES - FLT MECHANICS AND CONTROL 

• FLEXIBLE STRUCTURE/CONTROL INTERACTION 

• DEFINITION OF STATIONKEEPING ALGORITHM USING LOW 
THRUST ACTUATORS 

• DEFINITION OF STATION KEEPING ACCURACY REQUIREMENTS 

• ROTARY JOINT CONTROL SYSTEM DEFINITION 

• ELECTRIC PROPULSION PERFORMANCE AND RELIABILITY 
IMPROVEMENT 

• EFFECT OF SATELLITE TO SATELLITE OCCULTATION ON 
SYSTEM PERFORMANCE Si DESIGN 
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Typical Candidate Launch Systems 


A selected matrix of potential launch systems are given on the facing 
page. These launch systems span a range of design approaches frcm the use of 
the current Shuttle to the development of a fully reusable Heavy Lift Launch 
Vehicle (HLLV) with U00,000 LB (186,000 Kg) payload to Low Earth Orbit (LEO). 

Two intermediate design approaches, which are derivatives of Shuttle, are in- 
cluded to assess the potential of vehicles with moderate performance. 

Operating costs for the system to the right of the Shuttle vary between 88 m 
and $35M, depending on the mode of recovery of the second stage engines and 
avionics. If the second stage components could be recovered with low components 
re^bishment, the lower operating cost could be achieved. The upper cost per 
flight value assumes that f0% of the upper stage is recovered with minimum re- 
furbishment. *niese costs were established by using the subsystem costs established 
for Shuttle in the 1972 Phase A/B studies and scaling factors for structure. 


h6 


f 



ASSUMED CHAR ACT: 

- GROSS L/OWT,KLB 

- PAYLOAD TO LEO, KLB 
COST SPAN 

- UNIT, $M 

- COST/FLIGHT, $M 

- S/LB (EXCLUDING 
FLEET COSTS & DDT&E) 


200 - 300 
10.5 


350-450 

8-30 


7012 

400 

600-900 
9 - 35 
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Laxipch Systen Comparisons 


facing compares the contribution each launch system makes to the 

"laiit charge rate," or aumuity to the entire system using the following assumptions: 

• Discount Rate = 8.6^ 

a Time period = 1990 to 2020 ’ 

• Mission Model 1 

a 100 Flights life per vehicle ~ 

a 2 week ground tumeuround 

A target of 5 MILLS/KWH "unit charge rate” has been established for transport 
to low earth orbit for purposes of study. With this target for reference, it can 
be seen that recoverability of the launch system and heavy lift capability are both 
essential. An HLLV with U00,000 lb payload capability and full recoverability 
could achieve a cost of h2 $/lb (93 $/Kg). Other work being performed on future 
launch systems suggest 1 million pound payload performance which would reduce 
launch costs to between 2U and 36 $/lb., depending upon the extent of recover- 
ability. 
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L/S COMPARISON 


UNIT 

CHARGE 

RATE, 

MILLS/KWH 


20 
18 

16 

14 

”t 


8 h 


6 h 


4 h 


2 h 


*S/LB INCLUDING 
FLEET COSTS. 


92 TO 232* 


INCLUDES: 

• OPERATIONS COST/FLIGHT 

• INITIAL & REPLACEMENT 
FLEET COST 

- 100 FLIGHTS/UNIT 

- 2-WEEK TURNAROUND 


204 * 


62 TO 174* 


I FULL RECOVERABILITY 
■ PARTIAL RECOVERABILITY 


42 TO 110* 


TARGET ■ 



1 


SHUTTLE 


DOL 


FLY-BACK 

DOL 


FLYBACK 

HLLV 


ORUMMAM 


Orbit-To-Orbit Transport Costs 


The facing page summarizes a comparison of orbit-to-orbit transport 
costs contribution to the unit charge rate. EHectric propulsion clearly lowers 
cost for the case in which final assembly is at LBO or at geosynchronous orbit. 

option to assemble at TOOO N.M. circumvents the problems of maneuvering 
through the Van Allen Belts with SEP, but does not appear to provide the type 
of cost benefits needed. The delta-V to the 7000 N.M. location is 70 % of the 
total trip, requiring significant nvodbers of large chonical or nuclear Tug 
flights before the advantage of high performance ion stages can be introduced. 

A two stage large chemical Tug can Just as effectively perform the mission 
with assembly at geosynchronous orbit as the 7000 nm assembly case. 


ORBIT TO-ORBIT TRANSPORTATION COSTS 


14 


12 


10 


UNIT CHARGE 


RATE. 

MILLS/KWHR 


h • TRAFFIC MODEL 1 


GEOSYNCH 
APPROACH 1 


ASSEMBLE 



GEOSYNCH 
APPROACH 3 


GEOSYNCH 
APPROACH 2 /> 


rSEPSi 


7000N.M 

ASSEMBLE 


RIV 



ASSEMBLE 


\ LEO r yr- -\LEO 

//////// /V/ // / / rM f * y t > t t f f f f t f r f t f f t f f r * } * 


(S/LB -10 TO 13) 


(S/LB -30 TOGS) 


NOTE: COSTS INCLUDE 

1. LAUNCH SYSTEM OPS COST TO TRANSPORT 
VEHICLE & PROPELLANT TO LOW EARTH ORBIT 

2. UF!IT COST OF UPPER STAGE 

3. OPERATION COST OR UPPER STAGE 


GROUND 

( S/LB - 14 TO 100) 

LOX/LH, RIV 

• STAGE WT-801K LB 

• X -.9 

• l,p-466SEC. 


• LAUNCH SYSTEM: FLY BACK DOL 

- COST/FLT - S8M 

- PERFORMANCE TO LEO - 195.000 LB 


LOX/LH, RIV 
PLUS SEPS 


,2 STAGE LOX/LH2RIV 






TARGET 


n a t miU 








NUCLEAR/LH, RIV 
PLUS SEPS 


ION 


NUCLEAP./LH, RIV 

• STAGE WGT-8G1K LB 

• X - .8 


• |,p-800SEC 


LEO 

ASSEMBLY 


7000 N Ml 
ASSEMBLY 


GEOSYNC 

ASSEMBLY 
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Assembly Cost-Manned Control From Orbit 


The facing page reliites the major cost driver for a space based manned con- 
trolled assembly operations to the contribution final assembly makes tc the unit 
charge rate ( MILLS /KVfH)-8uid cost per pound for assembly. The major drivers are 
assembly rate in terms of Lb/man-hour, the cost of space stations (assumes 10 year 
life) emd the cost to recycle crews. No assumptions are made as to the level of 
automation achieved in the operation. 

Tc achieve reasonable cost levels, i.e., U MILLS/KWH, production rates in 
excess of 25 Lb/Hr. are required along with low cost space stations ($l6M/Man) and 
transport modes that can recycle large numbers of crew members in one flight. 

As a means of comparison, a 12-man modular space station has been estimated 
to cost' $T60M or $6UM/Man. Automobile assembly is performed at the rate of approxi- 
mately 25 Lb/man-hour. 

The major assembly issues to be addressed include: 

• Determination of the extent of man's involvement. It has been shown 
that the target unit cost rates caui be achieved at lower production 
rates using ground controlled teleoperators 

• Simulations to determine production rates for assembly approaches ranging 
from EVA operations to remote controlled free flyer teleoperators 

• Systems analysis and prototype development of automated on-orbit fabrication 
equipments for structure, waveguides and electronics installation. 



ASS'Y COST - MANNED CONTROL FROM ORBIT 
(LOW ALT ASS'Y SITE) 

SPACE STATION 
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Key Issues - Transportation and Assembly 


preliminary transportation and assembly trade studies have indicated that 
recovery and lov cost reuse of the launch system, in addition to heavy lift launch 
capability, is essential to competitive SSPS user costs. The issue involves a 
trade-off betveeti large launch vehicle (and associated development cost) vs the 
cost to develop full recoverability. The impact of high density launch rate on 
launch facility operations and costs should be addressed befo'*e selection of launch 
vehicle size is made. 

Ion propulsion offers the lowest cost approach for orbit-to-orbit transport 
of materials. Developoient of large diameter thrusters, selection of a power so\irce 
and choice of propellant are key issues that should be addressed in an overall 
systems study of upper stage concepts. 

Top level assessment of assembly requirements has led to some general con- 
clusions. The first is that manned participation in the assembly must be minimized 
to keep costs of supporting equipments down. Remote control of the assembly opera- 
tion offers cost auivantages, though more technology in the form of simul'^tion is 
required. ^ 

A key trade-off between prefabricating deployable structure on the giound vs 
on-orbit fabrication is needed. The prefabricated structure would result in poor 
packaging density and therefore poor launch system load factor, but could offer high 
on-orbit assembly rate. Cn-orbit fabrication would fully use the capabili' y of the 
launch system. 


KEY ISSUES - TRANSPORTATION & ASSEMBLY 


• FULLY RECOVERABLE HEAVY LIFT 

• DEVELOPMENT OF ION PROPULSION 

• FEASIBILITY OF IN-ORBIT FABRICATION AT HIGH 
PRODUCTIVITY 

• LOW COST SPACE STATIONS 

• FEASIBILITY OF REMOTE CONTROLLED ASSEMBLY 

• DETERMINATION OF EXTENT OF MAN'S INVOLVEMENT 

• FEASIBILITY OF ON-ORBIT LOGISTICS OPERATIONS 

- PROPELLANT TRANSFER 

- UPPER STAGE MATTING TO PAYLOAD 

- RENDEZVOUS OF HLLV amjM 
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The 'acing page is an 3SPS ievelopnent 32hed.ile used in a pre_ .nir.ary assess^ 
■ent cf ?c3ts. rt phree-step program is u*ij.ized ir. vhlch a smal- _SC ::rbiting 
Deaonstration and Tes^ facility is deployed in 1935. A geosynchrcr.cus s:ati-jied 
IGW pilot plant is s''heduled for 199C. A full capability pJant ;51W) is scheluied 
for 1995. 
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PROGRAM SCHEDULE BASELINED FOR PRELIMINARY 
SSPS COSTING 


YR 


?ROQRAM PHASE 


W. .7». .ID. ■«. .w. .*«■ ■*. l”. 


I - ORMTING TEST 
FAaLITV 


• LEO 


OESIQN/DEVEL. 

SRAT A FLIGHT TEST 

ASSEMBLE 

V 

IOC 


II - PILOT PLANT 

• 1GW 

• GEO 


DESION/DEVEL. 

SRBT 

ASSEMBLE 


V 

IOC 


III - 1ST UNIT 

• SGN 

• GEO 


II OESIQN/DEVEL. 

ASSEMBL £ 

V 

IOC 


IV - MASS PRODUCTION 
• 125. SOW 
SAT BY 2020 




y 
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Cost Estimating Relatioashlps 


The facing psge presents the cost estimating relationships (CER) used to 
establish ROM development and fabrication costs for the transportation systems. ^ 
This data was presented at the "2nd Symposium on Cost Reduction in Space Operations" 
at the International Acadsiqy of Astronautics, 1^ Oct. 1972. 


COST ESTIMATING RELATIONSHIPS 


CER #2 I 
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Cost EatlHAtlng Relationships 


The facing psc* presents the CER's used to estismte the ROM ctevelopBient and 
fabrication costs for manned and unmanned assembly support equipments, and for the 
SSP8 subsystems. 
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COST ESTIMATING RELATIONSHIPS 


CER4T4 


HOURS 


CER #3 DEVELOPMENT 
« S3 500 M" 



DEVELOPMENT AND FABRICATION EFFOP.T FOR APPUCATION SATELLITES 



DEVELOPMENT AND FABRICATIOr- iFFOR FOR 
MANNED SPACE VEHICLES VS. MASS 
(EXCLUDING PROPELLANTS) 
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ROM Costs 


Transportation/ Assembly /Maintenance Equipment 


The facing page lists the ROM costs for those support equipments that are 
related to SSPS and those system elements that are indirectly associated 
with SSPS. The indirect costs signifies that the identified system has a high 
potential of being developed independent of the SSPS program. 

Included on the chart is the CER number used, the weight used in the estimate, 
the percent new technology assumed and the number of units used to establish produc- 
tion costs on an 65S learning curve. 
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ROM COSTS - TRANSPORTATiON/ASSEMBLY/ 
MAINTENANCE EQUIPMENT 


ELEMENT 

CER# 

USED 

WGT 
USED IN 
CER 

K| 

% 

NEW 

TECH 

ROM 

DDT&E 

SM 

•V 

UNIT 

PRODUCTION 

COST 

«M 

IOC 

COMMENTS 

NO. OF 

PROD 

UNITS 

ON 86% 

LEARNING 

CURVE 

DIRECTLY CHARGEABLE 
TOSSPS: 

• ASS8MBLY EQUIP 
- TILEOPCRATORS 

3 

180 

35 

■ 

2.5 

1985 


300 

- MAN. MANIPULATORS 

4 

1,940 

75 


11 

1986 


SO 

- EVA EQUIPMENT 

4 

90 

75 


1.5 

1986 


300 

• LOGISTICS EQUIP. 

3 

• — 

0 




1986 

MODS TO ASSEMBLY EQ'P 


• MAINTENANCE EQUIP. 

3 


0 

44 

_ 

1990 

MODS TO ASSEMBLY EQ'D 

— 

• FABRICATION MOD. 

3 

4,540 

50 

271 

12 

1985 

3 TYPEi; DEVEL'D 

100 


SUBTOTAL 769 




















- SHUTTLE 

— 



N/A 

200 

1980 



- DEPLOY ONLY LAUNCHER 

2 


30 

380 

150 

1990 

NO ENGINE OEVELMT 

— 

- HLLV 

1&2 

477,000 

75 


400 

1995 

ENG WGT - 63,600 Kg/ENG 

— 

* SO TRANSPORT 







(Hj/O. - TURBOPUMP) 



2 

KTTjTjjV 

30 

166 

15 

1990 

DERIVATIVE OF ET/SSME 

— 


1&2 


75 

3847 


1995 


— 


3 


30 

223 

27 

1990 


100 


2 

1,300 

30 

215 

2.6 

1990 


300 


4 

1J.640 

20 

190 

23 

1990 


100 


4 


mm 

2225 

62 

■ I'l'l 


SO 


4 

76,460 

■a 

224 

62 



- 


SUBTOTAL 


14,010 
























R0I4 Costs 


SSPS System 


The CER #3 was used to establish R3M development costs for the SSPS subsystems . 
The j;roduction unit costs used the costs predicted for the 1995 operational space- 
craft as a goal. An 85/f learning cxirve is used to establish cost goals for the 1985 
Demonstration Satellite and the 1990 Pilot plant. If these cost targets for the eeu’ly 
systems cannot be achieved, the feasibility of economic power generation from space 
using photovoltaic systems is questionable. For example, a 55 $/m 2 target is estab- 
lished for the 1995 solar blanket. The 1985 cost target which is on an 85 % learning 
curve is 233$/M^. The development dollars spent between now and 1985 must be 
sufficient to establish high production, low cost solar blanket techniques in the 
233 $/m 2 range if confidence in the operational system cost is to be achieved. 


ROM COSTS - SSPS SYSTEM 


ELEMENT 

CEH 

# 

USED 

WGT 
I'iEO IN 
CER 

Kf 

% 

NEW 

TECH 

ROM 

DOT&E 

SM 

UNIT 

PRODUCTION 

COST 

IOC 

COMMENT 

• SOLAR BLANKET 


9.882 

80 

340 

233 8^^ 

1985 

• CER WOT IS ONE SOLAR 









BLANKET PANEL 




88.125 

35 

375 

76S/M^ 

1990 

• PRODUCTION COST ON 86 % 




97.900 

0 

134 

56i/M^ 

1996 

LEARNING CURVE 

• CONCEN1RATOR 



377 

80 

53 

4.8 S/M> 

1985 

• CER WGT IS ONE MIRROR 









BLANKET 




4.843 

35 

93 

1.5S/M> 

1990 

• 85% LEARNING CURVE 




7.687 

0 

47 

1.1 S/M^ 

1996 

1985-1996 

• NON-CONDUCTING 



4.173 

80 

206 

247 S/Kg 

1965 

• CER WGT REPRESENTS % 

STRUCTURE 



152.500 

35 

488 

107 S/Kg 

ETTm 

OF STRUCTURE PLANFORM 





MM 

260 

81 S/Kg 

1995 


• CONDUCTING STRUCT 

■ 


4,831 

Bs 

96 

281 S/Kg 

1985 

• CER WGT REPRESENTS % 




112.500 

35 

422 

94 S/Kg 

1990 

OF STRUCTURE PLANFORM 




215.000 

0 

185 

81 S/Kg 

1995 


• REACTION CONTROL 

■ 


200 


240 

S3.6MAJNIT 

1985 

• CER WUT REPRESENTS 1 




200 

35 

45 

S2WM/UNIT 

1990 

FIVfc LBF SON THRoSTER 




200 

0 

45 

S2.1M/UNIT 



• ROTARY JOINT 



12.670 

80 

383 

S4CM/UNIT 

1985 

• CER WGT REPRLaENT 




120.000 

35 

446 

S105M/UNIT 

1990 

TOTAL WGT OF JOINT 



120.000 

0 

149 

S90M/UNIT 



• MN ANTENNA 




SEE RAYTHEON EST 

mu 


• RECTENNA 




SEE RAYTHEON EST 



SUBTOTAL 

4006 1 
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Assembly Operationii - 1993 Operational SSPS 


The facing page lists the equipments, eqiilpment costs and transportation flights 
needed to assemble a 17.93 x lO^ Kg SSPS. The Heavy Lift Launch Vehicle ie used as 
the ground to LEO transport system and an Advanced Ion Stage for transport from LEO 
to geosynchrono'is . Eighty percent of the assembly is assumed to be performed remotely, 
while the remaining 20 % requires man-tende<l functions. A need for a Synchronous 
Orbit space station is assumed for pturposeii of final assembly , check out and main- 
tenance. 

The total transportation amd assembly cost is estimated at $326UM or an equiva- 
lent 182$/Kg. 
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ASSEMBLY OPERATIONS - OPERATIONAL SSPS 


• nPt WGT - U.92 X 10* Kf 

• 2 YEAR ASSEMBLY PERIOD 

• SOX REMOTE ASSEMBLY; 20K MANMED ASSEMBLY 


ELEMENT 

# 

UNITS 

BSI 

WOT 

TO 

LEO 

K«X 10* 

# 

HLLV 

FLTS 

1 

m 

SHUTTLE 

FLTS 

COST 

m 

ASSUMPTIONS 

EQUIPMENT: 

• LEO »ACE STATION 

• SO VACE STATION 

• ASSEMBLY EQUIPMENT 

- MANNED MANIPULATORS 

- TEUOPERATORS 

- EVA EQUIPMENT 

• FABRICATION MODULES 

• LARQECRYO TUG 

• SUPraRTTUGS 

• CREW MODULE 

• PROPELLANT STORAGE TANKS 

• ORBIT MAINTENANCE MODULE 

• ADVANCED ION 

R9 

M 

MS<^> 

S2 

2(11 

7(11 

TJ(i» 

S«1l 

S.2<1l 

s(i) 

S3(1) 

3.2 

3S(1) 

eooeoeeoeo oo 

M 

1 

3 

1 

18S<^> 

S3 

isi‘(» 

7 sill 

02(11 

3.2 

46(11 

(11 COST AMORTIZED OVER 

SSSPS 

(21 THREE TRIPS TO SO 

(31 CREW CYCLED EVERY 
so DAYS 

(4) • 4B4XXVYRMIAN 

• 204 ORBIT OPS MEK 

• 064 GRNO TELEOPERATORS 
(6) 0 Kc/HR ASSEI4BLY RATE 

OF 20K OF S?:PS: 66 HR 
WORK YEEK 

(61 4.6 K« ASSEMBLY RATE 

Of OF SSPSS: 20 HRS 

PfH DAY UPTIME 

SUPPLY 

• CRYO PROPELLANTS 

• ION PROPELLANTS 

• S/SB LQU!P. RESUPPLY 

• CREW ROTATION 



0.081 

o.m 

o.n 2 

1 

T2‘*( 

46 

36 

36 

036 

MATERIAL TRANfVORT 



17.S2 



SOI 

• SUBTOTAL 

• PERSONNEL 

• AMORTIZE L/V r;OST 

■ 

644 

23.142 

m 

m 

sot 

TOTAL 

TRANSPB ASSEMBLY COST 8/Rf 








69 






















Waintenuce Co^^ - S3PS Spacecraft 


The facing page Buwurlsee the analysis aaintenance requireaents for the 
Spacecraft. “Hie folloving results eere deteralned: 

a A trade-off between cost of repair eersus the loss of revenue if no repair 
1* perfotaed, indicated that an LRU should not be replaced before power 
degrades sore than ^, 6 % 

• The subsystea requiring the aost repair Is the control systea 

e Proper series/parallel lay-out of the solnr blanket circuitry and 
aJcrowave tube feed systea could result in a near aaintenance-free 
design. 
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MAINTENANCE COST - SSPS SPACECRAFT 


ELEMENT 

LRU DESCRIPTION 

LRU 

WOT 

Kf 

LRU 
FAIL 
OVER 
30 YRS 

AVE 

S/YR 

SM 

COMMENTS 

(LRU REPLACED AFTER 5.9% 
POWER REDUCTION DUE TO 
FAILURE) 

SOLAR ARRAY 




■■ 


• BLANKET 

■0-1S70 X 207 M MODULES 

87.900 

1 

D 

2A X 10^ /YR OPEN CIRCUIT 
FAILURE RATE (OAO) 

• CONCENTRATOR 

1SO-1B7pX 207 M MODULES 

7,687 

1 

0.01 

MIRROR FAILURE LESS LIKELY 
THAN BLANKET 

• NON CONO STRUCT 

TO DESIGN 




STRUCTURE ASSUMED NOT TO FAIL | 

• COND STRUCT 






- BUSSES 

400MLONG 

26,000 

1 

0J8 

10-* F/YR (OAO) 

- SWITCHES 

SS BLOCK DIODES/BLANKET LRU 

97,484 

1 

1.40 

10’’F/YR (OAO) 

• MAST 

6 (4 ). W-l BUSSES/PANEL 

86.000 

1 

0.9 

SAME AS CONDUCTING STRUCTURE 

MW ANTENNA 




• TUBES 

1670-18 X 18 M SUBARRAYS 

3,017 Kg 

4 

0.19 

MTBF - 1.14 X 10~* HRS PROJECTED 

• POWER DIST 

18 X 18 M SUBARRAY 

3,017 Kf 

1 


HIGHLY REDUNDANT SYSTEM 

• ELECT 

1870 UNITS 

467 Kg 

3% 


HIGHLY REDUNDANT SYSTEM 

• TRANS ANTENNA 

1670 UNITS 

3,017 Kg 

1 


WAVEGUIDE CONSIDERED STRUCT- 
NO FAILURES 

• STRUCTURE 

TO DESIGN 

— 

— 


ASSUMED NOT TO FAIL 

• CONTOUR CONT 

8680 UNITS 

220 Kg 

1404 

0.01 

OSF/IO-* n% DUTY FACTOR) 1 

ROTARY JOINT 




1 

• SLIP RING 

4 UNITS 

10 Kg 

72 

0.01 

MTBF - )0 VRS (SPAf.C STATION I 

STUDIES) 

• BRUSH 

24 UNITS 

63 Kg 

12 

0.01 

MTBF > 10 YRS (SPACE STATION 
STUDIES) 

• DRIVE 

8 BRUSHLESS DC MOTORS 

1.367 Kg 

24 

0.37 

MTBF > 10 YRS (SPACE STATION 
STUDIES) 

3800F/10** HR (ORDER MAGNITUDE 
IMPROVEMENT ^ 10% DUTY FACTOR 
YEARLY CONSUMPTION 

REACTION CONTROL 
PROPELLANT 

64 ELECTRIC ENGINES 

203 Kg 
24.000 Kg 

640 



33.0 

5.7 


• SUBTOTAL 

• SO CF.EW ROTATION 

• MISSION CONTROL 
TOTAL 


44.1 

73.0 

14.0 

131.1 (3MILLS/KWHI 


GRUMMAN 
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SSPS Unit Cost 


nie facing page lists the costs of the Operational SSPS (1993) by subsystesi. 
The total cost is $6.21fi or an equivalent 12U2$/KW. 


UNIT COST 


ELEMENT 

B9I 

DQIQ 

DESIGN 

VARIABLE 

UNIT 

COST 



COST 


SOLAR ARRAY 



imm 




• BLANKETS 

7^ 

27.8 KM’ 


162$/Kt 

2J6 

• CONCENTRATORS 


61.1 KM’ 

roh 



0.29 

• STRUCTURE 

Z22 

2.22 X 10* Kf 

81I/K9 



039 

• M#JT 

0.B2 

a62X10* Kg 

81t/K| 



0.16 

MICROWAVE ANTENNA^^ 







• POWER DIST 

0^2 

SOW 

9.6S/KW 



0.14 

• TRANS ANTENNA 

2^ 

5QW 

13 8/KW 



0.49 

• TUBES 

2.34 

SOW 

11.5 S/KW 



0.46 

• MECHANICAL SYS* 

0.59 

5 GW 

12.6 S/KW 



0.17 

o COMMAND Si CONTROL 

0.78 

6 GW 

0.9 S/KW 



0.14 

1 RLCTENNA^^ 

“ J 

6 GW 

161 S/KW 

1 ^ 

0.81 


TOTAL b^1 
$/KW 1242 


•INCLUDES ROTARY JOINT 
••SEE RAYTHEON MPTS STUDIES 
•••T&A - TRANSPORTATION & ASSEMBLY COST 
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Cost Suemary 


ocfjao 





The facing pcige siunarlzes the SSPS program costa through the first operational 
unit, nie $20.73 excludes developoent coats for the microwave systems but includes 
microwave costs in the "Unit Cost." ^e directly SSPS chargeable support equip- 
ments, such as fabrication modules and teleopet*ators , are included. The $lUB 
required for development of transportation system and space stations are excluded 
because these elements are of general service to many programs. 

niis preliminary plan indicates that the iuteraediate 1990 Pilot Plant is the 
costly element in the development. The high unit cost is the result of not intro- 
ducing the Heavy Lift Vehicle earlier. A programmatic sensitivity study is required , 

to detex'mlne the cost effective time to introduce technology. It is recomended that 
a computer simulation of the SSPS program be developed. This tool would significantly 
reduce the effort required to perform these programmatic trade studies. 


TU 


SSPS SATELLITE COST SUMMARY 


: 198&ORBITING 1900 PILOT- 

TEST FAatlTY PLANT 

POWER LEVEL 
WGT 
OOT&E 
UNIT COST 
MAINTENANCE/YR 

* 1) DDT&E COSTS, EXCLUDES MICROWAVE SUBSYSTEM; 21 
CHARGEABLE SUPPORTING EQUIPMENTS FOR ASSEMBLY; 
INDIRECT ODT&E CHARGES. 


15 MW (GENERATED) 
228,000 Kg 
82,000 M 
S840M 


T GW (GROUND) 
X 10* Kg 
81000 M 
S8060M 


1986 OPERATIONAL 
PLANT 

5 GW (GROUND) 
17,0X10* Kg 
S720M 
88210 M 
8131 M 

INCLUDES DIRECTLY 
3) EXCLUDE.S 


PR£ Jrbltal Syst— Prograrr Cost 


The facing page is a preliainary schedule and cost estlDSte :*or one ?RS pro- 
graa option. A IXm deiaonstration satellite is scheduled for geosynchronous 
deployaent in 1993 and the opermtional satellite placed in 1990. 

The early deployaent of such a large structure in geosynchronous orbit using 
only Shuttle and a Large Tug does not appear to provide an attractive program. 
Delay of the prograa to at least wait for the developaent of a Shuttle derivative 
DOL would reduce cost significantly, or deployaent. of a saall LEO satellite for 
deaonstration in 19 S 3 would also be more attractive. 


PRS ORBITAL SYSTEM PROGRAM SCHEDULE AND COST 


% 


PHASE 


YR 

76^77 ^78, 79, 80,81,82, 83, 84^86, as, 87, 


89 90 01 92 93 




I - GEO DEMO 


II - OPERAT. 
PLANT 


■■■■■I DESI6N/DEVEL 

SR&T & FLT TEST 

■hihhb assemble 
V 
IOC 

■iiiiiiiiiiamfiiiif DESI6N/DEVEL 

SR&TSi FLT TEST 


WGT 
ODT& E 
UNIT COST 
MAINTENANCE 


1085 

SYSTEM 

.581 X lo^kg 
$1696 m 

$2491M 


■ ASSEMBLY 

V 

IOC 


1990 

SYSTEM 

0.505 X lO^kg 

4264M 

$56TM 

$90 M/YR 

QRUMMAN 


TOTAL PROGRAM THRU 1ST OPER. UNIT 


$5 .IB 


